Abstract Based on their higher risk of type 2 diabetes, non-Hispanic blacks (NHBs) would be expected to have higher gestational diabetes mellitus (GDM) risk compared to non-Hispanic whites (NHWs). However, previous studies have reported lower GDM risk in NHBs versus NHWs. We examined whether GDM risk was lower in NHBs and NHWs, and whether this disparity differed by age group. The cohort consisted of 462,296 live singleton births linked by birth certificate and hospital discharge data from 2004 to 2007 in Florida. Using multivariable regression models, we examined GDM risk stratified by age and adjusted for body mass index (BMI) and other covariates. Overall, NHBs had a lower prevalence of GDM (2.5 vs. 3.1 %, p \ 0.01) and a higher proportion of preconception DM births (0.5 vs. 0.3 %, p B 0.01) than NHWs. Among women in their teens (risk ratio 0.56, p \ 0.01) and 20-29 years of age (risk ratio 0.85, p \ 0.01), GDM risk was lower in NHBs than NHWs. These patterns did not change with adjustment for BMI and other covariates. Among women 30-39 years (risk ratio 1.18, p \ 0.01) and C40 years (risk ratio 1.22, p \ 0.01), GDM risk was higher in NHBs than NHWs, but risk was higher in NHWs after adjustment for BMI.
Introduction
Both type 2 diabetes and gestational diabetes mellitus (GDM) represent a defect in pancreatic b-cell response, or insulin secretion, in response to either central (hepatic) insulin resistance or peripheral (muscular and adipose tissue) insulin resistance, or both [1, 2] . While the relatively impaired insulin secretion during pregnancy resolves after delivery with the resolution of pregnancy-related insulin resistance, women with GDM still have greater insulin resistance and greater impairments in insulin secretion than otherwise healthy women [1] . Thus, women are at greater risk for developing future diabetes [3] . Based on their relatively higher risk of diabetes [4] , non-Hispanic black women (NHBs) would be expected to have GDM more often than non-Hispanic white women (NHWs). However, studies conflict regarding racial/ethnic disparities [5] [6] [7] . There are several possible explanations. At younger ages, NHBs may actually have lower risk than NHWs. Such age and race interactions have been observed for other birth outcomes, such as stillbirth [8] . Since NHBs give birth at younger ages than NHWs, this might lead to a lower estimate of GDM prevalence in NHBs compared to NHWs overall and would mask higher risk in NHBs at older ages.
Another possibility is that cases of preconception diabetes (DM) are misclassified as GDM [9] , which could increase glucose-intolerance estimates particularly in young NHWs due to type 1 diabetes and to a lesser extent, type 2 diabetes [10] . Finally, body mass index (BMI) is a well-recognized predictor of glucose-intolerance during pregnancy, and overweight/obesity is more common in NHBs than NHWs [11] . However, the association between GDM and BMI may differ by race/ethnicity [5, 12] , and it possible that observed NHB/NHW differences could vary by BMI category as well.
Florida is the fourth most populous US state and has a large number of NHW and NHB births [13] . Its birth certificate distinguishes between GDM and preconception DM and has been linked with hospital discharge data. Using this dataset, we tested the following hypotheses: (1) the prevalence of GDM in NHBs compared to NHWs would increase with increasing age, after consideration of preconception DM, and (2) this pattern would persist after adjustment for BMI.
Methods
The cohort consisted of women who delivered live singleton infants in Florida between March 2004 and December 2007. This cohort has been described previously [13] . On Florida's revised live birth certificate, women's diabetes status at delivery is indicated as GDM (diagnosis during pregnancy), preconception DM (diagnosis prior to pregnancy), or no diabetes. Birth certificates on which both preconception DM and GDM are indicated are sent back to the birth facility so that only a single classification is indicated on each birth certificate. In the hospital discharge records, GDM and preconception DM were identified using the International Classification of Diseases, 9th Revision code 648.8 for GDM and codes 648.0, 250.0-250.9 for preconception DM. The University of South Florida in partnership with the Florida Department of Health linked birth certificates to hospital discharge records using a multistage, stepwise approach with maternal social security number being the primary linkage variable. Ninety-eight percent of unique singleton deliveries with maternal social security numbers were successfully linked [13] . The Florida State Health Department transferred de-identified data to Centers for Disease Control and Prevention (CDC) for analysis, and this report was deemed to be institutional review board exempt in accordance CDC's Guidelines for Defining Public Health Research and Public Health Non-Research.
In order to determine the best rules for classifying births as consistent with GDM or preconception DM, we estimated misclassification of several strategies using a previously conducted medical record review of 862 births as the reference (''Appendix''). We used the rules that resulted in the lowest misclassification, which required that the birth certificate and discharge data be concordant for GDM, preconception DM, and no DM (''Appendix''). Maternal characteristics were obtained from the birth certificate and included race/ethnicity, age, education, marital status, enrollment in the Women, Infants and Children program (WIC), insurance status, birth country, parity, any history of cigarette use, and preconception height and weight, which were used to calculate BMI. We included women who self-reported as NHB or NHW; women with missing information on race/ethnicity, with more than one race/ethnicity, or who were Hispanic were excluded from this analysis. There were 508,048 live singleton deliveries to NHB and NHW women. We excluded women who were missing data on age (n = 5), had conflicting diabetes status on the birth certificate and discharge records (n = 16,122), or who were missing diabetes status on either source (n = 1,895). We also excluded women with height \50 inches (n = 6,513) or greater than 77 inches or a preconception weight \75 pounds (n = 21,217) [14] . Our final dataset included 462,296 deliveries (91 %).
Statistical Analyses
The demographic and health characteristics of NHB versus NHW women and the prevalence of GDM and preconception DM within age group by race/ethnicity were compared using Chi square tests. Next, we calculated the unadjusted and adjusted risk ratios of GDM for NHBs compared to NHWs for each age category, excluding women with preconception DM [15] . To determine whether disparities in GDM between NHBs and NHWs varied by age, we compared the risk ratios for NHBs versus NHWs in successive age categories. In screening covariates to be included in adjusted models, we considered which covariates had the most impact upon age differences in racial/ethnic disparities. We selected BMI, nativity and WIC status by this method and included parity due to its associations with age, race/ethnicity, GDM, and BMI in other reports [16] [17] [18] . BMI was classified in categories of kg/m 2 (B18.5, 18.5-24.9, 25-29.9, 30-34.9, 35-39.9, C40.0). Due to the possibility that BMI had different associations with GDM risk by race/ethnicity [5] , we next calculated the unadjusted and adjusted risk ratio of GDM associated with overweight and obesity in all age groups separately for NHBs and NHWs. To determine the proportion of GDM births associated with overweight and obesity, we estimated the population attributable fraction (PAF) of GDM and preconception DM pregnancies due to overweight and obesity by racial/ethnic group and age. The PAF is the reduction in GDM or preconception DM prevalence that would be expected to occur if all women in the overweight or obese categories had a GDM risk equal to that of women in the normal BMI category [19, 20] . Finally, we calculated the prevalence of GDM by race/ethnicity, age group, and BMI category in order to examine whether NHB and NHW differences were present across different categories of BMI. The SAS analysis system (version 9.2) was used for all analyses (SAS Institute, Cary, NC).
Results
Characteristics of women by race/ethnicity are shown in Table 1 . While the majority of both NHBs and NHWs gave birth in their twenties, a higher proportion of NHBs gave birth at \30 years of age than NHWs. NHWs more frequently reported completing high school, being married, having private insurance, birth in the US (nativity), primaparity, and having ever smoked compared to NHBs. NHBs were more often overweight or obese and more frequently enrolled in WIC than NHWs; 13.5 % of NHBs were Haitian.
The unadjusted prevalence of GDM by age category and race/ethnicity are shown in Fig. 1 . Overall, there was a lower proportion of GDM births in NHBs than NHWs: among NHBs, there were 3,482 GDM births (2.5 %) and among NHWs, there were 10,026 GDM births (3.1 %, p \ 0.01). Among women \30 years of age, NHBs had a lower prevalence of GDM than NHWs. However, this pattern reversed among women C30 years of age, at which ages NHBs had a higher prevalence of GDM than NHWs.
Overall, there was a higher proportion of preconception DM births in NHBs than NHWs: among NHBs, there were 741 preconception DM births (0.5 %) and among NHWs, there were 912 preconception DM births (0.3 %, p \ 0.01) ( Fig. 1 ). NHBs had a higher proportion of preconception DM births than NHWs in all age categories. However, among women \30 years of age, the proportion of all glucose-intolerant pregnancies (GDM combined with preconception DM) was still lower in NHBs than in NHWs. Thus, the higher proportion of preconception DM in NHBs versus NHWs did not entirely account for the lower proportion of glucose-intolerant pregnancies in younger NHBs versus younger NHWs.
Among women aged 20-29 years, overweight (unadjusted risk ratio 2.09, 95 % CI 1.80, 2.42) and obese NHBs (unadjusted risk ratio 3.89, 95 % CI 3.42, 4.43) had increased risks for GDM compared to normal weight NHBs. These estimates were similar to the increased risk for GDM in overweight (unadjusted risk ratio 1.87, 95 % CI 1.72, 2.04) and obese NHWs (unadjusted risk ratio 3.90, 95 % CI 3.62, 4.19) compared to normal weight NHWs. These patterns were similar after additional adjustment for nativity, WIC, and parity (results not shown). Therefore, the lower GDM risk in younger NHBs versus NHWs among women in their teens and twenties was not due to different strengths of association between BMI and GDM by race/ethnicity. Among women in other age groups, overweight and obese NHBs had increased risk for GDM compared to normal weight NHBs, and risk ratios were similar to the increased risk for GDM in overweight and obese NHWs compared to normal weight NHWs (results not shown). Table 2 shows the prevalence of overweight and obesity by age group and race/ethnicity and the proportion of GDM pregnancies and preconception DM pregnancies attributable to overweight and obesity in NHBs versus NHWs by age group. In all age groups, NHBs were more often overweight or obese compared to NHWs. As a result, the PAF of GDM for overweight/obesity was greater in NHBs than NHWs in all age categories. However, the racial/ethnic disparity in overweight/obesity increased with age. The difference in the proportions of overweight/obese NHB and NHW women was approximately 7 % points among women \20 years, 14 % points among women aged 20-29 years, 26 % points among women aged 30-39 years, and 30 % points among women aged 40 years and older (Table 2 ). These data suggest that the risk of GDM increases more rapidly in NHBs compared to NHWs as women age largely (although not entirely) because of the greater prevalence of overweight and obesity in NHBs versus NHWs at older ages. Table 3 presents the prevalence of GDM by race/ethnicity, age group, and BMI category. This table shows that among teenagers and women in their 20s, GDM is more common in NHWs than NHBs within and across all categories of BMI. Therefore, the higher prevalence of GDM among NHWs is not entirely explained by a different BMI distribution in NHWs and NHBs. Among women in their 30s and women in their 40s, this table shows that NHBs have a higher overall prevalence of GDM than NHWs. Within each BMI category, NHWs paradoxically have a higher prevalence of GDM than NHBs. However, the prevalence of GDM increases with increasing BMI, and NHBs have higher BMIs than NHWs. Thus, among women in their 30s or 40s, NHBs have an overall higher prevalence of GDM.
Among women aged less than 30 years, NHBs had lower risk of GDM than NHWs both before and after adjustment (Fig. 2) . Therefore, the lower GDM risk in NHBs versus NHWs at younger ages was not due to BMI or other factors in NHBs versus NHWs. Among women aged 30 years or older, NHBs had a higher risk of GDM than NHWs before adjustment for BMI, but a lower risk after adjustment for BMI. This suggests that the greater frequency of overweight/obesity in NHBs contributed to racial/ethnic differences in GDM risk at older ages. Figure 2 also shows the risk ratio for GDM in NHBs versus NHWs by age category, before and after adjustment for BMI, Fig. 1 Prevalence (%) of GDM and DM among NHB and NHW by age-group. All NHB versus NHW comparisons were significant at a two tailed p B 0.01 We conducted several sensitivity analyses. When we changed the classification rules, that is, when we defined GDM to be births for which the hospital discharge record showed GDM and the birth certificate record showed either GDM or no diabetes, and defining preconception DM to be births for which the hospital discharge record showed preconception DM and the birth certificate record showed either preconception DM or no diabetes, the patterns in disparities persisted. In addition, for women younger than 20 years, we used 2,000 CDC Growth Charts to calculate BMI-for-age percentile scores [21] . Using the alternative BMI categories did not change the pattern of results (data not shown). In order to address the possibility of residual confounding by age, we also created models that adjusted for age. These models did not alter the pattern of effects (results not shown). Finally, we created tables that stratified by nativity as well as BMI and age-group, and did not find significant associations between GDM and nativity, suggesting that this factor did not contribute to NHB/NHW GDM differences. Adjusted for BMI, nativity, WIC, and parity
Fig. 2 Risk ratio for gestational diabetes mellitus in NHBs versus
NHWs; a risk ratio\1 indicates lower risk in NHBs. All NHB versus NHW comparisons are significant at a two-tailed p\0.01. Model 1 is unadjusted; Model 2 (solid white bars) is adjusted for body mass index (BMI) categories in Table 1 ; model 3 (striped bars) is adjusted for BMI, nativity, WIC enrollment, and parity
Discussion
In an examination of data from over 450,000 deliveries, we found that NHBs had a lower prevalence of GDM than NHWs. This was due to lower GDM risk in NHBs versus NHWs at younger ages, combined with the fact that the majority of women gave birth at less than 30 years of age. This lower risk in NHBs persisted after adjustment for BMI. Among women aged 30 years and older, NHBs had a higher risk of GDM than NHWs which was largely due to the increased proportion of NHBs versus NHWs who were overweight and obese. Although we found that NHBs more often had preconception DM than NHWs, the total proportion of glucose-intolerant pregnancies was still lower in NHBs than NHWs. Our report is unique in that we examined the prevalence of GDM by age group and by race/ethnicity, before and after adjustment for such factors as BMI and nativity. The higher prevalence of GDM in older NHBs versus NHWs and the lower prevalence of GDM in younger NHBs versus NHWs, combined with variation in age distribution between studies, could potentially explain the differences in age-adjusted prevalence of GDM across previous studies.
In addition to reports noting a lower prevalence of GDM in NHBs compared to NHWs [5] [6] [7] , other reports note a similar [16, [22] [23] [24] or higher age-adjusted prevalence [9, 17, 25, 26] of GDM in NHBs compared to NHWs. Reports from large managed care organizations have found that NHBs are less often [5] , similarly [16] , or more frequently [9, 25] affected with GDM than NHWs. Our inclusion of teenagers and women 20-29 years of age, who tend to be underinsured, may have resulted in the inclusion of more NHBs at low risk for GDM, resulting in our findings of greater differences in NHBs versus NHWs in this study as compared to studies that found prevalences in NHBs ranging from 2.8 versus 6.3 % [9, 16] . These studies were based in large managed care organizations in California conducted in the 1990s and early 2000s and thus may have captured a more affluent population as well as women at different risk. Almost two-thirds of NHBs and 1/3 of NHWs in our study were enrolled in WIC, suggesting that the population in this study was probably less affluent than in those reports.
Studies may also have reported varying NHB versus NHW disparities due to different classification rules for GDM and preconception DM. Using classification rules where the diagnosis of GDM could be made based on either the birth certificate or hospital discharge data, where 52 % of women had agreement on both sources of data Savitz et al. [17] , found a higher prevalence of GDM in NHBs than in NHWs. Using hospital discharge data, Getahun et al. [26] and Cabacungan et al. [24] also found a higher prevalence of GDM among NHBs versus NHWs.
Using self-reported GDM, Hunsberger et al. [23] found a similar prevalence of GDM in NHBs and NHWs in Oregon. When we performed sensitivity analysis exploring the impact of using different rules to classify GDM and preconception DM, we did not find a significant change in the NHW versus NHB it is possible that NHBs were more likely to have misclassification of preconception DM and GDM than NHWs; type 2 DM is easier to misclassify as GDM and is more common among NHBs. However, we note that this would have exaggerated the pattern of effects we observed, i.e. the lower prevalence of glucose-intolerance in younger NHBs versus NHWs and the higher prevalence of glucose-intolerance in older NHBs versus NHWs.disparities.
Studies may have reported varying NHB versus NHW disparities due to regional variations in these communities. In Hawaii, Pedula et al. [7] found that NHBs had the lowest prevalence of GDM and the lowest plasma glucose levels compared to other racial/ethnic groups, and it is possible that NHBs in Hawaii and Florida represent a different population than NHBs in other regions of the country; for example, Florida's NHB community includes Haitians, who are not necessarily present in other NHB communities. Of note, Pedula et al. and our current report both noted lower prevalences of age-adjusted GDM than other reports, suggesting that the NHB communities in Florida and Hawaii could possibly be healthier than in New York [17] or nationally [24, 26] .
Body mass index is a well-recognized risk factor for GDM as well as preconception DM and also varies by age and race/ethnicity [12] . When we investigated whether BMI explained the lower risk of GDM in younger NHBs, we found that NHBs were more often overweight than NHWs in all age categories, that NHBs and NHWs aged 20-29 years had similar associations between overweight and obesity and risk of GDM, and that NHBs aged 20-29 years actually had a higher population attributable fraction of GDM due to overweight or obesity than NHW. Thus, BMI was not the reason that NHBs had lower risk for GDM than NHWs at younger ages. Adjustment for BMI decreased the risk among NHBs versus NHWs in older age groups. Therefore, the greater risk for GDM among older NHB versus older NHW women was largely due to the greater proportions of NHB women who were overweight and obese at these ages. The weight gain associated with pregnancy can accumulate with successive pregnancies for both NHBs and NHWs [27, 28] , and it is possible that this cumulative weight gain negatively impacts glucose tolerance. Foreign nativity is also a risk factor for GDM, and in particular NHBs born outside the US have been reported to have GDM more often than NHBs born in the US [16, 29] However, in our report, adjustment for nativity did not reduce the racial/ethnic differences in GDM by age group, nor was nativity itself associated with significant GDM risk.
Strengths of our report include its population-based sample, large number of deliveries, examination of preconception DM as well as GDM, use of medical records to determine the best rules for classifying GDM and preconception DM diagnosis from birth certificates and hospital discharge data, and adjustment for key variables. Weaknesses include lack of glucose levels to confirm the diagnosis of GDM, although such a restriction currently precludes a population-based assessment. We could not distinguish between type 1 and type 2 diabetes and this may have confounded relationships between preconception DM and BMI. Also, our data may not be generalizable to women in states other than Florida or to women whose pregnancies did not result in singleton live births.
In conclusion, we found a lower prevalence of GDM overall in NHBs versus NHW, due to the greater proportion of births at less than 30 years of age to women who were NHB and the lower prevalence of GDM at these younger ages. The lower prevalence of glucose-intolerant pregnancies in younger NHBs versus NHWs was not explained by the more frequent preconception DM in NHBs or by BMI. The higher prevalence of GDM in older NHBs versus NHWs was largely due to the greater frequency of overweight and obesity in NHBs versus NHWs in this age group. Our results suggest identification of high-risk groups to target for GDM prevention and perhaps for GDM screening should consider risk-stratification based on age by race/ ethnicity categories. Younger normal weight NHB women may be at lowest risk, while overweight or older NHB women may be at highest risk. Finally, it is unknown why age-specific risk of preconception DM and GDM differs for NHBs compared to NHWs. Further investigation is needed to determine if these disparities are due to differential rates in screening or differences in the progression of GDM and preconception DM between NHBs and NHWs.
Appendix: Alternative Rules for Assigning Diabetes Status Based On birth certificate and hospital discharge diabetes status
For each birth, we had diabetes status classified by both the birth certificate (BC) record and the hospital discharge (HD) record as one of the following:
Gestational diabetes (GDM) Preconception diabetes (PDM) No diabetes (NDM) Using the data presented from a medical record review, women who had GDM on both BC and HD were classified as having GDM, women who had PDM on both sources were classified as having PDM, and women who had NDM on both sources were classified as having NDM. The following paragraphs describe the rationale for that decision.
We used the following results of a review of medical records from a random sample of births to judge the likely diabetes status of each BC-HD combination (Table 4) .
For example, we projected births with the PDM-PDM combination to be 4/26 GDM, 18/26 PDM, and 4/26 Both GDM and PDM; we assigned the 'Both GDM and PDM' category a final status of PDM. Table 5 shows the diabetes status of 477,453 births to NHB and NHW mothers projected based on the medical records sample.
From Table 5 , the projected GDM prevalence is 8.1 % and the projected PDM prevalence is 1.6 %.
To evaluate which BC-HD combinations from Table 5 to classify as GDM, which to classify as PDM, and which to classify as NDM, we computed the sensitivity, specificity, misclassification rates, and apparent prevalence for both GDM and PDM for a variety of combinations. For all the rules, we classified births with NDM in both the BC and HD record as NDM. Tables 6 and 7 show the evaluation measures for alternative rules for classifying GDM and PDM, respectively. We chose to use the classification rules with the lowest misclassification rates, which not surprisingly turned out to be using the BC-HD combinations for which the BC and HD records were consistent: the GDM-GDM category for classifying births as GDM (Table 6 ) and the PDM-PDM category for classifying births as PDM (Table 7) . Because our key analyses were based on relative risks, we judged low misclassification rates to be the most desirable feature of our analysis dataset. Low sensitivities and underestimation of prevalence resulted from two features of the data: [1] The BC-HD categories we excluded because of high misclassification rates included a substantial number of GDM and PDM cases [2] . The percentages of GDM and PDM cases in the group we classified as NDM were small, but those cases represented a substantial portion of the GDM and PDM cases in the dataset because 94 % of the births in the dataset were in the NDM category (Table 5) .
